Abstract: Camera calibration is one of the essential techniques in the 3D computer vision field. Through calibration, the distortion problem can be solved with registration and by acquiring the intrinsic and extrinsic parameters of the camera. In this study, we use and develop more realistic contents through color information and image quality that is obtained by projecting multi-view images without distortion. These images are projected from a multi-projector to a screen. The proposed method solves the distortion problem that occurs when projecting an image to a screen using multi-projector projection. The no distortion reference image is built and projected by a multi-projector onto a screen with registration of the distortion target image and reference image by estimating the homography that shows the relationship between the reference image and distorted target image. In the experimental results, the images projected by the multi-projector are better than those projected by a single projector with respect to resolution and color. Further, the test environment consists of server/client and it can be projected without any distortion to a screen, regardless of the number of projectors.
Introduction
In computer vision, camera calibration is used in various fields [1] . The intrinsic and extrinsic parameter of camera solves the distortion problem by corresponding in realworld and image coordinate. The image that is projected on screen by the projector undergoes geometric distortion according to direction, location of projector and surface condition of screen [2] . As the resolution size and performance of commercialize equipment increases, demands of high resolution research that connect multiprojectors [3] - [5] relatively decrease. Thus, recent trend focuses on how vivid the image is obtained with high resolution. In this paper, the proposed framework is designed to have high resolution and color information by using multi-projector. However, distortion causes serious problems not only in the existing method, but also in the proposed method, which uses a multi-projector in various locations project an image onto a screen. The no distortion project method that overlaps the multi-view images projected from a multi-projector to a screen is proposed. Multi-projector can present color and depth information efficiently and can be used as more realistic content development. The paper is organized as follows. Section 2 describes the proposed method. The experimental result and test environment are reported in Section 3 followed by discussion and conclusion of this paper and future work. 
Proposed method
Using multiple projectors, certain steps need to be followed to project on a screen. After capturing the position where the image will be projected, each parameter by applying calibration is obtained and the projection spot using homography is computed. Finally, matching procedure is conducted. This series of processes are carried out by image processing with cameras. Figure 2 shows the captured image, which is obtained using the proposed method. Markerless and marker images from each of the target and the reference image are attained. ( , )
Fig. 3. Flow chart of proposed method

A. Image Calibration
In Equation (2) ( , ) ( ( , ), )
where () BW  denotes a binary function and the parameter  is the threshold which is used to extract four marker regions.
where is an opening operation. As seen in 
B. Image Registration
Camera calibration position obtained in previous subsection is used to match target image to reference image by applying homography. The DLT (Direct Linear Transformation) algorithm [6] to homography is employed, registration and calibration on each of the markerless and marker image is applied and the results are defined as 1 
Equation (6) is linear transformation solution using DLT algorithm. The relationship between distortion image and the reference image is estimated by homography matrix with registration of distortion image to the reference image. y is computed and the sum of R, G and B channels of ˆT D is calculated, ˆT B can be also obtained by Equation (3) in the same manner. Likewise, the distance from corners to centers of the four regions in Equation (5) can be found and finally, the ordered pairs can be obtained in the same way.
Experimental Results
In Fig. 5 (a) , There is a reference projector and rest of the projectors becomes target projectors. The target projectors are transformed to reference projector through the previous proposed method. Each device is set to server client and is able to control in server. To estimate homography for registration, the camera connected to the server take images.
Fig. 6. Test environment set-up
In Fig. 6 , setup of camera and projector, target image including the entire reference image and area included by blue dot-dash cam and target image is shown. In this test environment, regardless of the location of camera, calibration result should be similar at each time and through experiments, it was confirmed that similar results are obtained. When the registration result of target projector in the computer screen is seen, the transformation image that fits into projector location is obtained. Thus, at the end, when the target projector is projected to the reference projector, it is confirmed that the same result is obtained as it shown in (d).
Actually, for projecting images onto a screen using a multi-projector, all three projectors are used to confirm whether the color information and realistic contents are obtained. Fig. 8 shows that the multi-projector projection in the same location produces a more vivid, clear, and better colored image than the reference projector.
Conclusion
In this study, the distortion problem that occurs when projecting images using a multi-projector to a screen is solved by the proposed method. A multi-projector achieves better color information and resolution than a single projector. In addition, by using a multi-projector, depth information can be shown efficiently. By using this information, more realistic contents can be developed and applied to a 3D hologram.
